Prevention of nitrofurantoin-induced cytotoxicity in isolated hepatocytes by fructose.
Nitrofurantoin is a widely utilized urinary antimicrobial drug which has been associated with pulmonary fibrosis, neuropathy, and hepatitis as well as hemolytic anemia in glucose-6-phosphate dehydrogenase-deficient individuals. Incubation of freshly isolated rat hepatocytes with nitrofurantoin caused oxygen activation as a result of futile redox cycling. Glutathione disulfide (GSSG) was formed and rapidly exported from the cell resulting in complete glutathione (GSH) depletion followed by cell death. However, fructose prevented the export of GSSG from the cell and GSH levels recovered rapidly without cytotoxicity occurring. Fructose did not affect nitrofurantoin metabolism but rapidly depleted cellular ATP levels by approximately 80% which remained depressed during the incubation period. Fructose, however, did not protect hepatocytes from nitrofurantoin-induced cytotoxicity if GSH was depleted beforehand. Protection by fructose only occurred at concentrations which caused ATP depletion. These results suggest that fructose prevents nitrofurantoin-induced toxicity by depleting ATP and thereby preventing the ATP-dependent GSSG efflux. GSSG is retained enabling NADPH and glutathione-reductase to reduce the GSSG back to GSH, thereby protecting the cell from nitrofurantoin-induced oxidative stress.